Abstract. The study of diffusion processes in the aluminum -copper system was carried out at temperatures of 350 and 520 °C. Special attention was paid on the chemical composition of the system near the Al/Cu interface. It was determined that the intermediate phases in the system, corresponding to the equilibrium phase diagram, were not formed at low temperature. At high temperature the intermediate phases form starting with the Cu -rich phases. In both cases a supersaturated solid solution of copper in aluminum could be observed near the interface.
Introduction
Diffusion in multiphase systems is a process of great importance in modern industry. Typical analytical description is based on the ideas of chemical equilibrium near interfaces as it was proposed by C. Wagner and Zener [1, 2] . This approach is definitely valid at high temperatures and if the diffusion time is long [3, 4] . But recent experiments on grain boundary diffusion in the systems Al-Cu, Co-Cu and Fe-Cu, being performed at relatively low temperatures have shown that concentration in the diffusion zone can exceed the solubility at given temperatures [5] [6] [7] . The brief review [8] of these data demonstrates that the higher the temperature of diffusion annealing the lower is the supersaturation. More precisely, the correlation can be demonstrated if one calculates the diffusion depth in the diffusant layer. Taking into account that in all chosen cases the melting points for diffusants are much higher than for the matrixes the diffusion depth was small (typically less than 1 µm).
It is clear that at the early time of annealing the concentration near diffusant/matrix interface changes and thus the solution of diffusion problem with boundary condition of first type can not be used. As it was suggested in [9] the more correct solution is for the diffusion problem with boundary condition of second type:
where is the concentration of the diffusion element in the diffusant layer, adjacent to the interface, h is a constant, determining the flux through the interface:
In Ref. 10 this idea was checked for the Al-Cu system and it was shown, that h depends on the temperature but does not depend on time if the phases were not forming during annealing. This equation predicts a monotonous increase of the diffusant concentration at the interface.
It was also demonstrated that at high temperature (380°C, 520 °C) we could see the formation of intermediate phases and at lower temperatures these phases were not observed.
To find a way for a general description of the system evolution it is necessary to check the condition for the formation of a supersaturated solution and to understand which phase (if any) will form first at the interphase. Here the experimental results for Al-Cu system will be presented.
Experimental Results
Aluminum plates (99,8% purity) were recrystallized at 600 °C for 3 h to obtain the equilibrium structure with large grains (about 1 mm). A Cu layer was electrochemically deposited on the polished Al surface from pyrophosphate electrolyte (aqueous solution of Cu 2 P 2 O 7 -100 g/l;
. 3H 2 O -400 g/l; oxalic acid-15 g/l; citric acid -5 g/l). After diffusion annealing at given temperature (in vacuumized quartz ampules) the samples were cut and the cross-section was polished and carefully studied with the use SEM and electron probe microanalysis (EPMA).
On the Fig. 1 In all micrographs the Al-based solid solution is the darkest region and the Cu-based layer is brightest. It can be seen that the principle difference in these cases is that intermetallic phases can be easily visualized at 520 °C and they are absent at the temperature 350 °C.
The layer -by -layer phase formation at high temperature corresponds completely to Wagner's theory [1] of diffusion in multicomponent system. One can see 5 or 6 layer almost parallel to the initial Cu/Al interface. The chemical composition at indicated points is presented in Тable 1.
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Diffusion in Materials DIMAT-2017 Several points can be indicated from the result. First: The absence of the θ -phase (Al 2 Cu) and the η phase (AlCu) which are the closest to Al solid solution; Second: The presence of the phases which are not in the equilibrium at this temperature (point 4 in the table and on Fig 1 b) . The β-phase is in equilibrium at the temperature more 567 °C, the α 2 -phase is in equilibrium at T < 360 °C. Thus it can be the decomposition during the cooling of the samples after treatment. It may be because this zone exist not along all the sample (see, for example, left edge of Fig 1b or  contrast on Fig 1a) . The results for 10 minutes annealing is of the same character, but only the γ 1 phase and the mixed zone like zone 4 could be seen.
No intermediate phases could be observed after annealing at 350 °C even during very long annealing times.
In order to set the maximal Cu concentration at given temperatures we analyzed the Cu distribution in Al solid solution making the analysis like indicated at It was observed that concentration profiles can be perfectly described by the chosen equation (1) 
The approximation for x = 0 gives the value of concentration significantly higher than the solubility limit so that it can not be explained by experimental error.
The concentration profile for 10 minutes annealing at 520 °C gives almost the same value of concentration at x = 0, but, as it was mentioned, the only one intermediate phase could be seen along the interface, and the thickness of the phase was much smaller. Cu at %
X, µm
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Discussion
According to the obtained results the necessary condition for the formation of the supersaturated solid solution is absence of the phase, which is in equilibrium at given temperature with the solution where the diffusion happens. In this case some supersaturation is necessary for the beginning of the process of intermediate phase formation. It completely confirms the results obtained in Ref. 8 . Short, high -temperature annealing demonstrates that the time for intermediate phase formation is quite small, and for this temperature the process starts with the formation of the γ 1 phase, which is in equilibrium with the Cu-rich diffusant layer. In spite of the time, sufficient to formation of quite long diffusion profile (the distance of diffusion in Al is about 30 µm for 20 min and 20 µm for 10 min) the θ and η phases did not form. It seems, that at high temperature we can find the level of supersaturation which is sufficient to start the process of phase formation.
At low temperature the situation is more complicated. Annealing of 12 days gives a quite high level of supersaturation (the concentration is 1.5 times higher) but it is not sufficient to initialize the process of phase formation. It is important to mention that the study was made near the interface so that we have to deal with non-homogenous nucleation, so that it must be fast process and surface energy can not be the barrier, mechanical stresses only could slow down the process.
Conclusion
Very short diffusion annealings at high temperature demonstrates that intermediate phase formation in Al-Cu diffusion couple starts from the Cu side. The longer the annealing the more Alrich phases form. Significant supersaturation of Al based solid solution can be seen after these annealings in absence of Al 2 Cu (the phases which can be in equilibrium with this solution). At low temperature the intermediate phases did not form even for very long annealings.
